The effects were observed of moving male, adult Han: Sprague rats in their cages or of expos'ure to ether for I min on the plasma concentration profiles of 25 blood characteristics linked with stress and shock reactions. 5 min after the stress serum prolactin, corticosterone, thyroid-stimulating hormone, folliclestimulating hormone, luteinizing hormone, triiodothyronine and thyroxin levels were elevated 150-500% compared with those in blood collected within 100 s of entering the animal room.
Summary
The effects were observed of moving male, adult Han: Sprague rats in their cages or of expos'ure to ether for I min on the plasma concentration profiles of 25 blood characteristics linked with stress and shock reactions. 5 min after the stress serum prolactin, corticosterone, thyroid-stimulating hormone, folliclestimulating hormone, luteinizing hormone, triiodothyronine and thyroxin levels were elevated 150-500% compared with those in blood collected within 100 s of entering the animal room.
Heart rate (telemetrically recorded), packed cell volume" haemoglobin and plasma protein content were 10-20% elevated 2-10 min after cage movement or 2-20 min after ether confrontation over those of controls sampled within 50 s, indicating circulatory and microcirculatory shock reactions.
Serum glucose, pyruvate and lactate concentrations rose by 20-100% 1-5 min after cage movement and 1-15 min after ether exposure. Phosphate, calcium, urea, apartate and alanine transferases, alkaline phosphalase and leucine arylamidase were not altered significantly by either stressor, while potassium and bound glycerol fell for I min and 5-20 min respectively.
The presence of a familiar animal attendant working in the room without touching the cages did not markedly affect the blood characteristics being studied.
The variance of many blood constituents is much greater than that shown by morphological characteristics of the body in highly standardized laboratory rats (Gartner, Bube, Flamme, Peters & Pfaff, 1976) .
The aim of this investigation was to estimate the significance of stress reactions on this variance and to determine whether it could be reduced. Theoretically, the components involved in the wide variation of blood characteristics in laboratory animals are:
VanalYl is the error due to chemical analysis, and is determined by repeating estimations and by comparison with standards (Buttner, 1967 Stadtland, Winkel & Bokelund (I973a,b, 1974) have suggested that for human blood constituents methodical error could be an important factor in the total variance.~y repeated estimations in the same subject they found the intraindividual component to be about 50-70% of the total variance. Gartner et al. (1978) showed that in highly standardized rats the intraindividual component may reach 100% of the total variance of chemical blood constituents, even after reduction of the analytic error.
Beside the sampling errors, the intraindividual component of variance may be due to biological rhythms, adaptation processes, 'day-to-day error', and the stressor effect of experimental procedures (Gartner et al., 1978) . This paper reports studies on this last factor, the activation of acute defence reactions in rats be simple handling procedures during experiments. Defence reactions can be divided into endocrine ('general adaptation syndrome'), neurosympathetic ('emergency reaction') and immunological reactions (Selye, 1971 ). In the present paper changes in endocrine characteristics (representative of the 'general adaptation syndrome'), 6 circulatory characteristics (representative of the 'emergency reaction'), and 12 metabolic characteristics (influenced by both defence mechanisms)
were investigated before and after confrontation with the common stress situations of an attendant working in the animal room but without touching the cages, the animal being moved in its cage within the room, or being removed from the cage and exposed to ether vapour for 1 min.
Materials and methods

Animals and husbandry
Adult male Han: Sprague rats (230-300 g) were kept in groups of 2 or 4 in polycarbonate-cages (55 x 33 x 20 em; 'Typ III Makrolon') on sterile wooden granules, and were allowed to adapt for 3 weeks to the air-conditioned and light-controlled environment in the animal rooms (22 ± 1°C; 55% relative humidity; light period 0700-1900; feeding ad libitum with Altromin 1320 diet; tap water from polycarbonate bottles). The animals were free from all the pathogens specified in the GY-SOLAS list (GY-SOLAS, 1972) .
Stress procedures
The animal room was kept strictly closed for 17 h before the experiment, and all necessary equipment was set up outside it. At 0900 the door was opened and 4 cages withdrawn. Control animals were decapitated immediately with a guillotine, or blood was collected by cardiac puncture without anaesthesia, simultaneously by 8 trained persons 50-100 s after the door of the animal room had been opened.
Animals in other cages were stressed by moving the cages from the racks to the floor or to a table, or by anaesthetizing 4 animals simultaneously in one container with ether vapour for 1 min and then replacing them in their cages until sampling time.
Blood sampling
For endocrine assays blood was collected from rats housed 4 per cage by decapitation with a guillotine. Blood samples were allowed to clot at 4°C. After centrifugation, serum was pipetted otT and stored at -20°C until radioimunoassays were performed.
For other estimations blood was collected by heart puncture from rats housed 2 per cage. For blood glucose, packed-cell volume, haemoglobin, lactate and pyruvate, blood was denatured within 10 s after sampling and analyzed at once. For enzyme activities and other constituents, blood was centrifuged immediately (Friedel, Trautschold, Gartner, Helle-Feldmann & GaudBuhn, 1975) . The serum was pipetted otT and, after the coagulated fibrin had been extracted, stored at -20°C.
Analytical methods
Prolactin, luteinizing hormone (LH), follicle-stimulating hormone (FSH) and thyroid-stimulating hormone (TSH) levels were measured with radioimmunoassay kits by a modification of the methods described by Niswender, Chen, Midgley, Meites & Ellis (1969) ; for details see Dohler, Gartner, von zur Miihlen & Dohler (1977) . Corticosterone was measured fluorometrically by a modification of the method of Stahl, Herding & Knappe (1963) . Triiodothyronine (T3) and thyroxin (T4) were measured using a modified version of the method of Mitsuma, Colucci, Shenkman & Hollander (1972) . Glucose, pyruvate, lactate, triglycerides and free glycerol, inorganic phosphate and urea were determined by standard colorimetric methods using commercial kits (C. F. Boehringer & Sohne GmbH, Postfach 51, SandhoferstraBe 116, 6800 Mannheim 31, FRG). Haemoglobin was measured as cyanhaemoglobin, and total protein by Gartner, Buttner, Dohler, Friedel, Lindena & Trautschold standard biuret. Sodium, potassium, and calcium were assayed by flame photometry.
Serum enzymes-aspartate aminotransferase (GOT, EC 2.6.1.1), alanine aminotransferase (GPT, EC 2.6.1.2), leucine arylamidase (LAP, EC 3.4.11.1) and alkaline phosphatase (AP, EC 3. 1.3.I)-were assayed using ultraviolet-light tests on a microlitre scale at 25°C with optimized commercial tests (Boehringer, no date) . Packed cell volume (PCY) was estimated using a microset. Duplicate estimations were performed for each sample.
Heart rate was recorded telemetrically in unrestrained rats carrying a permanently implanted transmitter (Buttner, 1975) .
Results
The influence on endocrine characteristics representatives of the 'general adaptation syndrome' Prolactin, LH, FSH, TSH, corticosterone T3 and T4 were measured 5, 10, 15 and 60 min after moving the cages from the shelf to the floor without opening the lids (Fig. 1) . Timing commenced as the room door was opened, and the hormone levels measured within 100 s were considered to resemble most closely those in unstressed rats. Fig. 1 shows that serum corticosterone increased significantly within 5 min, reached a peak at 15 min, and was back to approximately normal 60 min later. Serum levels of prolactin rose significantly within 5 min and, after a transient drop during the next 5 min, were still rising 60 min after stress. Serum TSH levels were also significantly elevated within 5 min and continued to rise throughout the 60 min. Serum LH levels appeared to rise during the first 15 min but not significantly, and returned to normal by 60 min. Serum FSH levels remained relatively stable during the first 10 min but began to rise during the following 5 min. After 60 min FSH was back to control levels. Serum T3 rose significantly within 15 min, and after 60 min was still elevated. Serum T4 levels showed minor fluctuations during the first 15 min but decreased 'significantly during the following 45 min.
The influence on shock-induced alterations of the circulation and the microcirculation
The heart rate did not alter if the attendant entered the room and worked in it without touching the cage (Fig.  2 left) . Moving the cage (centre) increased it from 340 to about 450 beats per minute, tachycardia persisting for 10-15 min. Ether stress (right) provoked a similar increase lasting more than 25 min. All 3 heart rate profiles were very similar to those of other animals confronted with the same stress situation, described in detail by Buttner (1979) .
Disturbances of the microcirculation are shown by the alterations of packed cell volume, haemoglobin and plasma protein. attendant entered the room and worked in it (Fig. 2  left) , but increased 2 min after moving the cage (centre) or ether stress (right), reaching a peak about 5 min later with concentrations 5-20% above the controls and lasting about 10 min in response to moving and about 20 min in response to ether.
Discussion
The results support the conclusion that rats are not disturbed by the presence of people with whom they are familiar, such as the usual animal attendant for that room, if they do not touch the cage. This is in accordance with previous telemetric studies on the heart rate (Buttner, 1979) which indicated that the animals were a ware of the presence of a person, but showed no changes in plasma constituents. Stress and shock-like defence reactions occurred only when the cages were touched or removed from the racks, when the lids of the cages were opened, or when the animals were exposed to ether. Disturbances of the endocrine system, demonstrated by the results described here,
The influence on chemical blood constituents
The alterations in endocrine levels and catecholamine release by stimulating the sympathetic-adrenal system can provoke alterations in energy, mineral and protein metabolism, in the acid-base balance, and in other systems. Disturbances in energy metabolism are revealed by alterations in plasma glucose, pyruvate, lactate and glycerol levels (Fig. 3 ). Blood glucose was increased significantly 3-8 min after moving the cage (centre), but highest levels (about 20% above the controls) were observed after ether stress (right), and they persisted for about 20 min. Working inside the room produced no discernible effect (left). Plasma lactate and pyruvate concentrations increased very rapidly, 2-3 fold above control levels 1·3 min after cage moving or ether stress, reaching their peaks sooner than blood glucose. The effect of cage moving lasted only 10 min, in constrast to ether stress which provoked an intense reaction lasting about 30 min. Free and bound glycerol were measured only after ether stress; after 5-10 min both showed a small decrease lasting 20 min. Disturbances in mineral metabolism are revealed by alterations of plasma potassium and sodium concentration.
They may indicate disturbances of sodium-potassium exchange between cells and interstitial fluid. Plasma potassium ( Fig. 2 ) fell significantly (P < 0·01) very briefly (for about 3 min) immediately after ether, an effect occurring in repeated experiments. Sodium appeared to decrease by about 7% for 20 min after ether (right) and to a lesser degree after cage moving, but these changes did not reach statistical significance. Plasma phosphate, calcium and urea levels and the concentration of the enzymes GOT, LAP, AP and GPT, showed no significant response to stress. (Neill, 1970; Euker, Meites & Riegle, 1975) , prolactin (Neill, 1970 , Euker et af., 1975 , ADH (Keil & Severs, 1977) , MSH (Kastin, Schally, Viosca & Miller, 1969) , and the peripheral hormones corticosterone (Barrett & Stockham, 1963; Ader, 1969) , n, T4 (Dohler et a!., 1977) , progesterone (Holzbauer & Newport, 1967) , and adrenalin (Kvetnansky, 1973) .
The speed ·of the reaction differs between hormones and, to some extent, in response to different forms of stress. T~e corticotrophin-releasing factor (Zarrow el al., 1972) , ACTH (Cook, Kendall, Greer & Kramer, 1973) , and prolactin are released to a greater extent within 1 min of confrontation with a stressor, while corticosterone plasma concentration is elevated in about 2 min (Schwabe, 1976) . After 5 min most of the plasma hormones such as LH, TSH, T3 and T4 have increased, reaching a plateau in about 15 min, remaining elevated for 20 min or more with a 2 to S-fold increase in plasma level. The endocrine stress responses induced by handling the cages or by brief exposure to ether were accompanied by circulatory and microcirculatory reactions which have been little described in rats. Telemetry showed that during the first seconds after stress the heart rate alters very rapidly. The tachycardia recorded in this paper may be preceeded by bradycardia lasting from 30 s in some strains to 2 min in others (Buttner, 1979) . Following ether the heart rate increased to a maximal frequency in 2-5 min, returning to control levels 10-20 min later (Fig. 2) . From observations in man and dog (Messmer, 1974) and rat (Kvetnansky, 1973) , we may assume that increased catecholamine release provoked capillary changes resulting in alterations in peripheral resistance, thus raising arterial pressure. Consequent movement of plasma water out of capillaries resulted in the increase in PCY, haemoglobin and plasma protein concen-tration. An increase of about 10% in the leucocyte and erythrocyte counts has been observed in dogs (Niepage, 1978) , cats (Kleinsorgen, Brandenburg & Brummer, 1976) and rats (Farris, 1938) as a result of stress, but changes have not been reported in blood gas concentration in rats under emotional stress. However, a transistory metabolic acidosis similar to the more intensive acidosis found under anaesthesia (Brunner, Cheng & Berman, 1975) must be expected in rats, as observed in sheep by Gohary & Bickhardt (1979) .
Endocrine and microcirculatory alterations and the activation of the sympathetic system rapidly and intensively affect intermediary metabolism, especially energy metabolism and related reactions. Body temperature has been shown to increase in handled dogs (Niepage, 1978) and rats (von Kutzleben, 1977) . Moving rats in their cages did not alter body temperature, but a 3 min exposure to open-field observation or blood-sampling procedures very rapidly raised body temperature about 0·3°C for 20-60 min (von Kutzleben, 1977) . The rapid 2-fold increase of pyruvate and of the lactate plasma concentrations 2-3 min after stress were the most sensitive indicators of alterations in intermediary energy metabolism. These changes were also observed by Neuvonen & Westermann (1974) and Dawson, Nadel & Horvath (1971) , and may be due to a decrease of the oxygen supply due to constriction in the microcirculation resulting in anaerobic carbohydrate metabolism of the cells. A more delayed alteration with peaks 5-15 min after stress was found by Neuvonen & Westermann (1974) in glucose, glycerol and in free fatty-acid plasma levels of rats subjected to experimental manipulations. In the present investigation the plasma concentration of these substances increased by 10-20%, with peaks 10-20 min after stress returning to control levels 10-20 min later. However after ether a reverse reaction of the glycerol plasma levels was observed (Fig. 3) , which may have been due to ether intoxication. Ether has been shown to depress energy metabolism in all cells, particularly in fatty tissue (Bunker & Vandam, 1965; Brunner et a/.. 1975) .
The effects of a brief stress on protein metabolism has rarely been described (Brunner et at., 1975) .
In agreement with the observation that macromolecular enzymes are not released from the cells by microcirculatory disturbances (Lindena, Kiipper, Friedel & Trautschold, 1979) , no changes were seen in plasma urea or enzyme activities. Disturbances of water and mineral metabolism after stress have been described by Messmer (1974) , Bunker & Vandam (1965), and Brunner et at. (1975) . Either a microcirculatory-induced oxygen deficiency or a direct effect of ether itself blocks cellular respiration and sodium-potassium membrane exchange, inducing sodium retention and potassium release (Messmer, References Ader, R. (1969) . Adrenocorticalfunction and the measurement of 'emotionality'.Annals of the New York Academy of Sciences 159,791-805. Giirtner, Biittner, Dohler, Friedel, Lindena & Trautschold 1974) . This results in an increase of plasma potassium and a decrease of plasma sodium which was demonstrated in our rats, most markedly after ether stress.
The results demonstrate the difficulties encountered in obtaining undisturbed control values for many blood characteristics. Experimental or sampling procedures must be performed within 100 s of first touching the animals' cage. This is important for most of the endocrine characteristics and for all plasma values which are linked with circulatory change, capillary permeability, energy and mineral metabolism, and acid: base balance. If the experimenter is unable to perform the procedures quickly enough, he must explain in detail how the stress due to manipulation influences the characteristics being studied. Many, such as glucose, plasma protein, PVC, and sodium, are altered by only 5-10% and for a short period of about 5-10 min. But some are altered more than 100% for more than 30 min (for example prolactin, TSH, corticosterone, lactate, pyruvate). No adequate program has yet been developed to moderate these stress responses. Repeated confrontation with the same stressor sometimes reinforces and sometimes depresses the response (Dohler, Wong & von wr Miihlen, 1979 )-that is the same by regular carefully handling of the animals . The key signals essential for familiarizing animals with the experimental procedures are unknown. Stressed rats very often showed motor activity (Buttner, 1979) , so that restlessness and movement in rats can facilitate recognition of stress-disturbed animals without the need to perform blood analyses. Only physically inactive rats can be assumed to show basal levels of blood constituents (Honma & Hiroshige, 1979) .
In addition to the stress reactions reported here, chemical blood constituents appear to be influenced by other important factors operating in individual animals which cause the large intraindividual component of variance observed in those constituents (Giirtner et a/., 1978) . Circadian and, even more, ultradian rhythms, for example, may play an important role (Tannenbaum & Martin, 1976; Honma & Hiroshige, 1979; Plonait, Miischen, Biittner & Stiller, 1979) .
